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1. Introduction 
ae-Macroglobulin (QM) is a plasma glycoprotein 
with mol. wt > 700 000 [l]. ~thou~ a variety of 
interesting activities have been ascribed to this mole- 
cule [2-61, its functional importance undoubtedly 
resides in its ability to bind and inhibit essentially all 
active endopeptidases [7]. Because of its uniquely 
broad specificity as a protease inhibitor, the presence 
of a,M may provide plasma with a buffer against 
invasion and activation by foreign proteases [7,8]. 
cwzM isfound in close association both with the vascu- 
lar endothelium of blood vessels [8] and with other 
protease-secreting cells [9,10], suggesting that it may 
function to regulate the activity of cellular hydrolases. 
Cell culture would appear to offer a means for evalu- 
ating this important conclusion. However, the obser- 
vation that cells in culture contain olzM derived from 
the serum in the growth medium [ 1 l] complicates 
this approach. 
We have taken advantage of the affinity of con- 
canavalin A (Con A) for glycoproteins to obtain a 
highly purified, active preparation of asM from fetal 
bovine serum (FBS). Con A affinity chromatography 
is rapid and readily adaptable to large scale purlflca- 
tion of the molecule and yields as a by-product serum 
selectively depleted of rweM. This sera should prove 
useful for studying the production and metabolism 
of azM by cells in culture. 
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2. Materials and methods 
FBS was purchased from Reheis Chemical Co. 
(Phoenix, AZ), Con A and soybean trypsin ~ibitor 
(SBTI) from Miles Laboratories (Elkhart, IN), and 
o-methyl glucoside from Sigma (St Louis, MO). CQM 
activity was determined according to [ 121 by mea- 
suring the rate of hydrolysis of benzyl-DLarginine- 
P-nitroanilide (Schw~~~ann, Orangeburg, NY) by 
trypsin (3 X crystallized; Wo~~gton Biochemic~ 
Corp., Freehold, NJ) at 410 nm in the presence of 
SBTI and various fractions of FBS. Con A (5 mg/ml 
in 0.1 M phosphate buffer, pH 7.4) was coupled to 
activated Sepharose 4B (Pharmacia, Piscataway, NJ) 
as in [ 131. Coupling efficiency varied from 49.82%. 
A 30 ml column of settled Con A-Sepharose was 
prepared, equilibrated with 0.1 M NaCl, 0.1 M Tris, 
pH 7.4 and used in these experiments. Sepharose 6B 
chromatography was conducted at 4°C in a column 
(4 X 96 cm) equilibrated with 0.1 M Tris-WC1 buffer, 
pH 7.4. The flow rate was 33 ml/h and 6 ml fractions 
were collected. Immunoelectrophoresis was performed 
in 1.5% agar in 0.1 M barbital buffer, pH 8.2. The 
slide was developed against antisera to native FBS, 
dried overnight at 30°C, and stained with amid0 black. 
Protein concentrations were determined using Lowry’s 
method [14]. All other chemicals and reagents were 
of the highest grade available. 
3. Results 
When Con A was added to FBS, a flocculant pre- 
cipitate was formed. The amount of protein in the 
precipitate increased with the concentration of the 
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Fig.1. Fractionation of FBS with Con A. Increasing amounts 
of Con A were incubated with 1 ml aliquots of FBS for 18 h 
at 4°C. The precipitates were collected by centrifugation 
(13 000 X g for 10 min at 4”C), dissolved in 0.1 M u-methyl 
glucoside, and tested for cu,M activity. (A) Total precipitated 
protein. (B) Accumulation of or,M activity in the pellet 
(e ----a); loss of 02M activity from the supernatant (o- 0). 
lectin until the ratio of Con A to total serum protein 
was - 0.1 (fig.lA). The insolubilized protein repre- 
sented considerably less than 10% total protein in 
FBS since part of the material in the precipitate was 
Con A itself. azM was efficiently removed from the 
serum by Con A and could be recovered quantitatively 
in the pellet after the mixture was centrifuged (fig.lB). 
More than 95% CQM activity was removed from FBS 
when the serum was passed through a column of 
Con A-Sepharose (fig.2). (~$4 apparently bound to 
the column under these conditions and could be 
desorbed with o-methyl glucoside. ar?M activity was 
recovered in a fraction that contained < 4% protein 
applied to the column. 
The fractions resulting from Con A affinity chro- 
matography of FBS were analyzed by chromatography 
on Sepharose 6B (tig.3). All cuZM activity in FBS was 
associated with a single peak of rapidly migrating 
protein having an est. mol. wt 700 000 (fig.3A). Both 
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Fig.2. Representative profile for the purification of (Y%M from 
FBS by Con A affinity chromatography. In a typical experi- 
ment, 20 ml FBS was applied to the top of the column, the 
column was washed with equilibration buffer until eluant 
absorbance returned to the baseline value, and the bound 
material was desorbed with 0.1 M a-methyl glucoside in the 
same buffer. The flow rate was - 4 ml/h, and 2 ml fractions 
were collected. The arrow indicates addition of the hapten, 
a-methyl glucoside. 
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Fig.3. Profiles of various fractions of FBS chromatographed 
on Sepharose 6B. (A) Native FBS. (B) FBS-pre-run through 
Con A affinity column. (C) Material in FBS that was eluted 
from the Con A afftity column with a-methyl glucoside. 
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the protein peak and the cwsM activity were absent in 
FBS that had been passed through the Con A column 
(fig.3B) and present in the fractions eluting from the 
Con A column with o-methyl glucoside (fig3C). When 
these fractions were analyzed by polyacrylamide gel 
electrophoresis [151, a single protein band was detected 
(data not shown). 
To further characterize the product isolated from 
FBS by Con A affinity chromatography, the material 
was subjected to immunoelectrophoresis and then to 
absorption against antisera to native FBS. A single 
precipitin band was detected after such treatment 
(fig.4). When whole FBS was treated similarly, mul- 
tiple bands were observed. In addition, antisera pre- 
pared against Con A-purified CQM recognized a single 
protein in FBS but no proteins in FBS that had been 
passed through the Con A column (unpublished 
observations). 
provide a simple and direct system for defining the 
importance of 02M in various cellular processes. 
A precipitate was noted to form when phytohe- 
magglutinin or Con A was added to various adult sera 
and that osM was among the precipitated proteins 
[ 171. We have extended these earlier findings by 
demonstrating that fractionation of fetal bovine 
serum by Con A affinity chromatography provides 
a simple new approach for purifying cu,M. This single- 
step procedure for the isolation of a,M from FBS sets 
it apart from the complicated approaches devised for 
orther, more complex sera [18,19]. The relative ease 
and rapidity of the technique reduces the possibility 
that the molecule wiIl be exposed to plasma proteases. 
The efficiency of the approach makes possible the 
isolation of large amounts of purified ar,M, a feature 
that should facilitate biochemical studies of the struc- 
ture of unmodified 02M. 
4. Discussion 
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the activity of a number of circulating proteases [1,7], 
its role in modulating the activity of cellular hydro- 
lytic enzymes remains uncertain [ lo,1 1,161. The 
presence of aZM in the culture medium and its inges- 
tion by cultured cells [ 1 I] has made it difficult to 
study this question or to examine factors that regulate 
the production and metabolism of this important 
molecule. Con A affinity chromatography selectively 
removes 02M from FBS, a serum widely employed in 
celI culture. This approach thus affords a convenient 
method for constructing media that should still 
support cell growth but will no longer contain a2M, 
the molecule to be studied. The use of arshil-depleted 
FBS as a supplement to cell culture media should 
[B] Becker, C. G. and Harpel, P. C. (1976) J. Exp. Med. 
144,1-9. 
Fig.4. Immunoelectrophoresis of native FBS and of olaM [9] McCormick, J. N., Nelson, D., Tunstall, A. M. and 
purified by Con A affinity chromatography. James, K. (1973) Nature New Biol. 246,78-81. 
The author wishes to express his thanks to Dr 
E. Reich for encouragement and support of this work. 
These studies were supported by a Damon Runyon 
Cancer Research Fellowship, by grants from the 
Rockefeller University and the Fred P. Goldhirsh 
Foundation, and by NIH Grant HL-16411. 
References 
[l] Frdnoy, J. P., Bourrillon, R., Lippoldt, R. and Edelhoch, 
H. (1977) J. Biol. Chem. 252,1129-1133. 
[2] Hadden, D. R. and Prout, T. E. (1964) Nature 202, 
1342-1343. 
[3] Clausen, J., Gjedde, F. and Jorgensen, K. (1963) Proc. 
Sot. Exp. Biol. Med. 112,778-781. 
[4] Chase, P. (1972) Cell. Immunol. 5,544-554. 
[S] Debanne, M. T., Bell, R. and Dolovich, J. (1976) 
Biochim. Biophys. Acta 428,466-475. 
[6] Parisi, A. F. and Vallee, B. L. (1970) Biochemistry 9, 
2421-2426. 
[7] Barrett, A. J. and Starkey, P. M. (1973) Biochem. J. 
133,709-724. 
75 
Volume 94. number 1 FEBS LETTERS October 1978 
[lo] Mosher, D. F., Saksela, D. and Vaheri, A. (1977) J. 
Clin. Invest. 60,1036-1045. 
[ 111 Pastan, I., Willingham, M., Anderson, W. and Gallo, M. 
(1977) Cell 12,609-617. 
[ 121 Ganrot, P. 0. (1966) Clin. Chim. Acta 13,597-601. 
[ 131 Cuatrecasas, P., Wilchek, M. and Antlmsen, C. B. (1968) 
Proc. Natl. Acad. Sci. USA 61,636-643. 
[ 141 Lowry, 0. H., Rosebrough, N. J., Fax, A. L. and 
Randall, R. J. (1951) J. Biol. Chem. 193,265-275. 
[ 151 Hjerten, S., Jerstedt, S. and Tiselius, A. (1965) Anal. 
Biochem. 11,219-223. 
[16] Mosher, D. and Wing, D. A. (1976) J. Exp. Med. 143, 
462-467. 
[17] Morse, J. H. (1968) Immunology 14,713-724. 
[18] Harpel, P. C. (1970) J. Exp. Med. 132, 329-352. 
[ 191 Nagasawa, S., Sugihara, H., Han, B. H. and Suzuki, T. 
(1970) J. Biochem. 67,809-819. 
76 
